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ABSTRACT
Isolates of Cercospora oryzae were readily obtained by 
incubating pieces of surface sterilized diseased leaf or leaf 
sheath samples in a moist chamber at 28 C. Sporulation on 
culture media was significantly higher following incubation at 
28 C on cornmeal agar than on water agar, V-8 juice agar, and 
potato-dextrse agar. Narrow brown leaf spot lesions developed 
on leaves when inoculated plants were placed Inside a humidified 
chamber for 1 to 16 days. It was possible to differentiate 
resistant cultivars from susceptible cultivars when 3-wk-old 
plants were inoculated.
Single spore isolates of C. oryzae were isolated from the 
leaf and leaf sheath samples of rice collected from seven major 
rice-growing parishes in Lousiana. Eight differential 
cultivars were inoculated with conidial suspension from each 
isolate. Forty-three races in six physiologic race groups were 
identified among 76 isolates from Louisiana, Arkansas, and 
Texas.
Twenty-two rice lines and cultivars were evaluated for 
theirapparent infection rates (r) and for disease severity values 
in 1983. The four cultivars Melrose, Nova 76, Nato, and Leah, 
with low r-values in 1983 were evaluated against a total of five 
races of C. oryzae in 1984 and 1985 field tests. These cultivars 
had significantly lower r-values and greatly reduced terminal 
disease severity when compared to susceptible cultivars.
Two cultivars, Nova 76 and Melrose, with rate-reducing 
resistancehad significantly lower relative receptivity, number of 
lesions per leaf, spore production per lesion, and lesion size 
when compared with the susceptible cultivar Labelle under 
greenhouse conditions. The number of lesions per leaf and lesion 
length were significantly reduced on these resistant cultivars 
when tested against twenty races of C. oryzae.
Comparisons were made of the prepenetration activities of C. 
oryzae on rice plants of the susceptible cultivar Labelle and the 
resistant cultivars Melrose and Nova 76. Germ tubes showed 
positive stomatal tropism and appressoria were only formed on or 
adjacent to stomata. The number of appressoria formed per 
conidium was significantly greater on Labelle than on Melrose 
and Nova 76 at 7 or 9 days after inoculation. There was a 
highly significant correlation (r= 0.999) between both 
relative receptiviy and lesion size with the number of 
appressoria formed. Conidiophores only emerged through stomata.
xi
INTRODUCTION
Narrow brown leaf spot, caused by the fungus Cercospora 
oryzae Miyake, is a foliar disease of rice (Oryza satlva L.). 
The disease is prevalent worldwide wherever rice is grown. It 
is a major disease of rice in the southern United States. 
Control of narrow brown leaf spot has been attempted through 
breeding for monogenic disease resistance. However, the 
varieties resistant to C. oryzae at the time of release often 
become susceptible within a few years after release. Studies of 
narrow brown leaf spot have been limited by difficulties in 
isolation, poor sporulation of the fungus on culture media as 
well as by failure to obtain lesions on rice plants inoculated 
and grown in the greenhouse. The objectives of this 
investigation were:
1. To develop techniques for the isolation, culture, 
sporulation,and inoculation with C. oryzae.
2. To determine the effect of environmental conditions on 
narrow brown leaf spot development.
3. To update race identification of C. oryzae in the 
southern United States.
4. To evaluate the rice cultivars as sources of 
rate-reducing resistance to C. oyzae.
5. To identify some of the components of rate-reducing 
resistance to C. oryzae.
6. To examine the surface interactions of C. oryzae on 
susceptible cultivars and cultivars with rate-reducing 
resistance.
The five chapters of this dissertation are written in 
manuscript form for submission to phytopathological journals. 
Chapters 1, 3, 4 and 5 are written in the format of the journal 
Phytopathology. The second chapter is written in the format of 
the journal Plant Disease. All of the chapters are complete 
discussions of one aspect of this research and include materials 
and methods, results and discussion, and literature citation 
sections.
CHAPTER I
Isolation and Culture of Cercospora oryzae and Influence of Leaf 
Age and Environmental Factors on Narrow Brown Leaf Spot 
Development in Rice
ABSTRACT
Isolates of Cercospora oryzae were readily isolated by 
incubating pieces of surface sterilized diseased leaf of leaf 
sheath in a humidified chamber at 28 C. Sporulating cultures 
were obtained by plating either freshly isolated cultures or 
cultures stored in water at 4 C onto water agar, cornmeal agar 
, V-8 agar, or potato-dextrose agar for one week at 28 C,
Spore production was highest on cornmeal agar. Optimum 
temperature for germination of conidia and development of germ 
tubes ranged from 24 to 28 C. Typical narrow brown lesions 
developed on leaves when inoculated plants were placed for I to 
16 days inside an artificially humidified chamber built on a 
greenhouse bench. Average disease severity percentage (DSP) 
Increased with increase in the number of days of exposure to 
periods of high humidity. Susceptible plants developed lesions 
when inoculated at 3 or 11 wk after seeding. There was always a 
delay in initial symptom development on penultimate and ultimate 
leaves, compared to lower leaves of the same plant. Resistance 
could be detected during the seedling stage of the plants. It 
was possible to differentiate resistant cultivars from 
susceptible cultivars when 3-wk-old plants were inoculated. 
This is the first successful attempts to initiate narrow brown
3
leaf spot development on rice plants under greenhouse 
conditions.
Narrow brown leaf spot of rice (Oryza sativa L.) caused by 
Cercospora oryzae Miyake, was first reported in the United 
States in 1937 (10). It was considered to be the most serious 
fungal disease of rice in Louisiana, Texas, Arkansas, and 
Alabama during the 1930’s and the 1940's (7, 10). Recently, 
this disease has been reported to have economic importance in 
the Philippines (3). In Louisiana, rice cultivars released with 
vertical resistance often become susceptible within a few years 
after release (8). Studies of narrow brown leaf spot have been 
limited by difficulties in isolation, slow growth, and poor 
sporulation of the fungus on culture media, as well as by 
failure to obtain lesions on rice plants ionculated and grown in 
the greenhouse. Previous investigators relied on incubating 
inoculated plants outside the greenhouse for lesion development 
(3, 7, 10). The objectives of this study were to determine the 
influence of plant maturity, leaf age, plant genotype, and 
environmental conditions on narrow brown leaf spot development.
MATERIALS AND METHODS 
Isolation. Leaf or leaf sheath samples of rice with 
typical narrow brown or purple brown blotch symptoms were cut 
-into small pieces (about 2x6 mm). The leaf pieces were 
sterilized for 20-30 seconds in a 5 .25% sodium hypochlorite 
solution and then washed three times with sterile distilled 
water. Each leaf piece was air dried for 2 minutes before being
placed on a microscope slide held inside a petriplate moist 
chamber. The moist chamber was made of sterile Watman filter 
paper, moistened with 1 ml of sterile distilled water and placed 
inside a plastic petri plate. These tissues were incubated for 
72 hr at 28 C with a 12 hr light-12 hr dark regime. Conidia 
from sporulating lesions were streaked onto water agar plates 
and incubated for 24 hr at 24 C to germinate. Single germinated 
conidia were transferred to potato-dextrose agar (PDA) slants 
using the low power objective of a compound microscope. 
Isolates were stored in a refrigerator at 4 C either as cultures 
grown on PDA slants or as blocks of fungus mycelium on PDA in 
screw-capped test tubes with sterile distilled water (1).
Effect of medium, light, and temperature on spore 
production. PDA, water agar (WA), cornmeal agar (CMA), and V-8 
Juice agar were evaluated as substrata for spore production. 
PDA was prepared by mixing 39 g of Difco potato dextrose agar 
per liter of water. V-8 juice agar contained 19 g of Difco 
agar, 4 g of CaCo^, and 300 ml of V-8 vegetable juice (Campbell 
Soup Co., Camden, NJ) per liter. CMA contained 12 g of Difco 
agar and 8 g of Difco Cornmeal agar per liter of water. WA had 
12 g of Difco agar per liter of water. Mycelium and spores from 
a single spore isolate were first streaked onto water agar 
plates and then incubated at 28 C for one week to obtain heavy 
sporulation. These conidia were streaked with a sterile loop 
onto nine plates each of the four different media. The 
experiment was conducted in a completely randomized design with 
3 plates per replication. These plates were incubated at 28 C
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using either a diurnal fluorescent light regime with 12 hr of 
light and 12 hr of dark or under a continuous dark period for 4 
or 7 days. To examine the effects of temperature on production 
of conidia, inoculated water agar plates were incubated at 12, 
16, 20, 24, 28, and 32 C for 4 days. Conidia were harvested 
from each plate in 10 ml of water and two subsamples were 
counted with a hemacytometer.
Effect of temperature on spore germination and germ tube 
growth. Conidia were obtained for the experiments by streaking 
CMA plates with conidia of C. oryzae and incubating the plates 
at 28 C for 7 days. Conidia were removed by flooding each plate 
with 10 ml of sterile distilled water, counted with a 
hemacytometer, and diluted to give a 10^ spores/ml
concentration. Three drops of conidial suspension were spread 
over a single water agar plate with a sterile glass rod. The
experiment had three replicate plate for each temperature. One
hundred conidia per plate were examined for germination and for 
measurement of germ tube length 18 hr after incubation at 4, 12, 
16, 20, 24, 28, 32, and 36 C in the dark.
To determine the effect of temperature on development of 
germ tubes on leaf surfaces, leaves of uniform age from the
susceptible variety Labelle were sprayed evenly with conidial 
suspension using a De Vllblss atomizer. The inoculated leaves 
were placed inside moist chambers made of clear plastic bags. 
Three inoculated leaves were used with each temperature. The 
leaves were incubated for 18 hr at temperatures from 12 to 36 C 
at 4 C intervals. After incubation conidia were removed from
leaves with clear cellophane tape, placed on a slide, and 
stained. Percent germination and germ tube lengths were 
measured using the procedure described by Rupe et al (5).
Conditions for narrow brown spot lesion development. The 
effect of humidity on infection by oryzae was determined by 
inoculating 3-wk-old plants of the susceptible cultivar Labelle 
with a suspension of 10"* conidia/ml. Each plant received 2 ml 
of inoculum. Inoculated plants were placed inside a clear 
plastic, humidified chamber on a greenhouse bench for 1, 4, 7, 
10, 13, and 16 days. The chamber was humidified continuously at 
low speed with an electric humidifier. This resulted in dew 
formation on the plastic inside the moist chamber, except at 
noon when it was partially dried. Temperature and relative 
humidity were recorded with a hygrothermograph. Mean 
temperatures inside the chamber were from 16 to 18 C at night 
and from 27 to 32 C during the day time. Relative humidity 
inside the chamber was maintained at 100% except between the 
hours of 11 A.M. to 3 P.M., at which time the humidity dropped 
to between 60 and 80%. The disease severity percentage (DSP) 
was determined by counting the number of lesions on the inoc­
ulated rice leaves and dividing by the total number of average 
size lesions that could occupy the leaf surfaces 28 days after 
inoculation.
The effects of plant maturity and leaf age were determined 
under greenhouse conditions by inoculations of 3, 5, 7, 9, 11 
and 13-wk-old Labelle plants. Inoculated plants were placed 
inside the humidified chamber for 14 days and DSP was determined
28 days after inoculation- In another experiment, the effect of 
plant maturity and leaf age on infection of genotypes with 
different levels of susceptibility were determined by 
inoculating 3- and 11-wk-old plants of two susceptible 
cultivars, Labelle and Lebonnet, and two resistant cultivars, 
Zenith and Mars. Inoculated plants were placed inside the 
humidified chamber for 7 days and then transferred to a 
greenhouse bench, DSP was measured 35 days after inoculation. 
The effect of plant maturity and leaf age on disease development 
was also assessed by planting a four-row plot of the 
susceptible variety Lemont at bi-weekly intervals from April 14 
to August 2, 198A at the Rice Research Station at Crowley, LA. 
Disease progress was followed by counting the number of 
lesions on upper and lower leaves of 10 randomly selected plants 
from the center two rows of each plot at weekly Intervals.
RESULTS
Both temperature and media significantly influenced conidia 
production by C. oryzae. Optimum temperature for maximum 
sporulation was found to be 24 to 28 C (Table 1). Temperatures 
lower than 24 C and higher than 28 C significantly reduced the 
number of conidia produced per plate. Sporulation was 
significantly higher following incubation at 28 C on cornmeal 
agar than on water agar, V-8 Juice agar, and PDA (Table 2). 
Increasing the number of days of incubation increased conidia 
production (Table 2). There was not a significant difference in 
production of conidia between plates Incubated In continuous 
dark and plates incubated at 28 C under a 12 hr light- 12 hr
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dark regime.
Conidia germinated at temperatures between 12 and 36 C but 
did not germinate at 4 C on water agar (Table 3). The optimal 
temperature for germ tube growth was 28 C. Increase or decrease 
in temperature significantly reduced the germ tube length. The 
optimum temperature range for conidial germination on rice leaf 
surfaces was between 20 and 32 C (Table 4). Temperatures below 
20 C and above 28 C significantly reduced the percentage of 
germination. Germ tube growth on rice leaves, however, had an 
optimum at 28 C.
Narrow brown leaf spot lesions developed on all plants of 
the cultivar Labelle that were placed inside a humidified 
chamber for 1 to 16 days (Table 5). Average DSP rose with an 
increase in the number of days inside the humidified chamber.
Plant age at inoculation also affected the ultimate DSP 
(Table 6). Disease was significantly greater in heading stage 
plants compared to pre-heading stage plants. A significant 
difference in disease severity value was due to leaf age and 
cultivars when 3-wk-old plants were inoculated (Table 7) . It 
was possible to differentiate the resistant cultivars Zenith and 
Mars from the susceptible cultivars Labelle and Lebonnet. 
Disease was confined to the lower leaves. Upper leaves failed 
to show any disease symptoms up to 35 days after Inoculation. 
In another set of experiments 3- or 11-wk-old plants of 
resistant and susceptible cultivars were inoculated to determine 
the effect of plant maturity, leaf age, and genotypes. Disease 
severity increased with the increase in plant age at the time of
inoculation (Table 8). Lesions were observed on the ultimate 
leaves of 11-wk-old plants, but not on 3-wk-old plants within 35 
days after Inoculation. However, disease symptoms appeared on 
the ultimate leaves of 3-wk-old plants 68 to 84 days after 
inoculation (Table 9). The incubation period was longer for 
resistant cultivars than for susceptible cultivars. There was a 
delay of 7 to 66 days in initial disease appearance on upper 
leaves as compared to lower leaves of the same plant depending 
upon the age of the plant and cultivar.
The time of initial appearance of narrow brown leaf spot 
lesions on the lowest, second lowest, penultimate, and ultimate 
leaves was influenced by the date of planting, the maturity of 
the rice plants, and the leaf age (Fig. 1). In all plantings, 
the first lesions were seen on the lower leaves. Symptom 
appearance was delayed 36 to 46 days on the upper leaves. After 
seeding on April 14, the first symptom of disease was observed 
84 days later. The number of days for initial disease
appearance decreased in the subsequent plantings and it was only 
18 days for plants seeded on August 2, 1984. The number of
lesions increased faster on the lowest and second lowest leaves 
compared to the penultimate and ultimate leaves (Fig. 2). With
increase in plant maturity, DSP also rose.
DISCUSSION
Both media and temperature influenced the growth and 
sporulation of C. oryzae. Serial transfer of single spore 
colonies of this fungus resulted in reduced sporulation capacity 
and in the production of white, sterile mycelium. Ryker (6)
also had similar difficulty with C. oryzae cultures and observed 
that original types developed into non-conidial variants during 
subsequent transfers. The original type could be maintained by 
transferring them from hyphal tips or by mass-transf er of 
conidia. Latterell and Rossi (4) reported that sporulating 
colonies of C. zea-maydis Tehon & Daniels could be maintained by 
transferring conidia from sporulating colonies. We found that 
the storage of isolates in sterile distilled water on PDA at 4 C 
and the subsequent transfer of mycelium to water agar always 
resulted in sporulating colonies. We used this procedure for 
storage and maintenance of sporulating cultivars of 76 isolates 
£• oryzae in our race identification studies. Beckman and 
Payne (1) showed that the storage of isolates of C. zea-maydis 
in sterile water on several media resulted in sporulating 
colonies after homogenization.
Streaking of conidia from sporulating colonies on water 
agar resulted in good spore production at all the temperatures 
from 12 to 32 C. Sporulation was significantly higher, however, 
at 24 or 28 C. The fungus grew well on all the media tested, 
but the production of conidia was significantly higher on 
cornmeal agar than on PDA, V-8 or WA. This method of spore 
production was simple and convenient when compared to the use of 
autoclaved rice nodes (2, 3).
Development of lesions under greenhouse conditions has been 
one of the limitations in the study of narrow brown spot caused 
by C. oryzae. Ryker (7) found that satisfactory infection was 
not obtained if the plants were kept inside the greenhouse
following inoculation. Keeping the inoculated plants inside a 
humidified chamber for 24 to 48 hr before placing them onto open 
benches or inoculating them between sundown and dark outside of 
the greenhouse resulted in lesion development. Estrada et al(3) 
also kept Inoculated plants for 24 hr at nearly 100% relative 
humidity in inoculation chambers in an air conditioned room 
before plants were placed on outdoor benches. In our studies, 
optimum temperature for conidial germination on the surfaces of 
rice leaves was between 20 to 32 C. The maximum germ tube 
growth,however, was at 28 C. All the inoculated plants kept 
inside the humidified chamber produced typical lesions. A 
prolonged period of moisture increased the DSP and decreased the 
incubation period. Inoculated plants left on the greenhouse 
bench without the humidified chamber failed to produce disease 
symptoms. This study indicated that lesions can be produced by
C. oryzae on susceptible rice plants under controlled 
conditions. Beckman and Payne (1) also obtained gray leaf spot 
lesions of corn, caused by C. zea-maydis, when inoculated plants 
were kept under a greenhouse misting system for 14 days.
Rice plants of all stages of growth were susceptible to C. 
oryzae. Symptoms were always delayed on upper leaves when 
compared to lower leaves. This study indicated that C. oryzae 
can attack the rice plants at all growth stages and that older 
leaves are more susceptible to infection than younger ones. 
Estrada and Ou (2) did not find differences in disease severity 
due to differences in plant age. Our date of planting in the 
field study confirmed the findings under greenhouse conditions.
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Although disease symptoms first appeared on the leaves of 
heading stage plants, similar symptoms also appeared on the 
plants of younger stages in the later plantings. This may be 
due to an abundance of inoculum along with favorable 
environmental conditions late in the season. Symptoms always 
developed first on lower leaves indicating the Influence of leaf 
age on disease development. Rupe et al(5) also found the
appearance of gray leaf spot of corn first on the lower, then on 
the middle, and finally, on the upper leaves. Schneider and
Sinclair (9) reported that leaf spots caused by Cercospora 
canescens Ell. & Martin, appeared only on older leaves but not 
on younger leaves of susceptible cultivars of cowpea in Nigeria. 
In our study, there was always a delay in the Initial appearance 
of narrow brown lesions on penultimate and ultimate leaves as 
compared to lower ones, and the number of lesions per leaf
increased with the increase in maturity of the rice plants. 
This study strongly suggests that plant age and leaf age play a 
key role in the lesion development along with environmental 
factors.
It was possible to differentiate the resistant cultivars 
Mars and Zenith from the susceptible cultivars Lebonnet and 
Labelle after inoculation of both 3-wk and 11-wk-old plants. 
The present study indicates that resistance mechanisms were
operative in the plants during their seedling stage. The 
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Table 1. Effect of temperature on conidia production by Cercospora 
oryzae on water agar








^ Mean of nine plates with 3 plates per replication incubated for 4 days 
in dark.
Numbers followed by the same letters are not significantly different 
according to Scheffe test (P = 0.05).
Table 2. Effect of culture medium and light on spore production of Cercospora oryzae
___________ Spores (XIO^) per_plate^_________________________
4 days incubation________   7 days incubation
Medium Diurnal Continuous Diurnal Continuous
(12 hr + 12 hr) dark (12 hr + 12 hr) dark
Water agar 28.08 bZ 23.25 b 74.14 b 63.95 b
Cornmeal agar 64.21 a 67.6 a 123.94 a 128.59 a
PDA 7.19 c 6.89 c 21.11 c 21.45 c
V-8 Juice agar 5.43 c 5.06 c 22.37 c 23.32 c
^ Mean of nine plates with 3 plates per replication incubated for 4 or 7 days at 28 C under
continuous darknesB or 12 hr. of fluorescent light and 12 hr. of dark daily.
Numbers in each day followed by the same letters are not significantly different according to 
Scheffe test (P = 0.05).
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Table 3, Effect of temperature on germination and germ tube length of 




4 0 Q h
12 99 30 g
16 100 43 f
20 100 67 d
24 100 115 b
28 100 159 a
32 100 78 c
36 100 54 e
^ A spore was considered germinated if the length of the germ tube was 
at least as long as the width of the spore.
Z Numbers followed by the same letter are not significantly different 
according to Scheffe test (P = 0.05).
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Table 4. Effect of temperature on germination and germ tube length of 









12 51 dZ 14 f
16 74 c 27 e
20 96 a 49 d
24 98 a 79 b
28 99 a 114 a
32 99 a 62 c
36 86 b 26 e
^ A spore was considered germinated if the length of the germ tube was
at least as long as the width of the spore.
Numbers followed by the same letter within a column are not 
significantly different according to Scheffe test (P = 0.05).
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Table 5. Effect of time in a humidified chamber on narrow brown leaf 
spot disease severity in rice cultivar Labelle
Time in humidified chamber Incubation period Mean
(days) on open bench (days) disease severity
(%)y
0 - 0 dZ
i 20a 6.0 c
4 14b 15.5 b
7 12c 15.7 b
10 ' lOd 20.5 b
13 lOd 47.3 a
16 lOd 50.4 a
Time period from the day of inoculation to the day of initial 
symptom appearance.
y Mean of 3 replications with five plants per replication.
Numbers followed by the same letter within a column are not 
significantly different according to Schefle test (P = 0.05). Data 
were analyzed after arcsin transformation.
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Table 6. Effect of plant age on narrow brown leaf spot severity on 
Labelle rice












3 11c Seedling 49.8 aZ
5 11c Stem elongation 52.2 a
7 11c Heading 52.0 a
9 13ab Milk 53.4 ab
11 14a Dough 64.2 be
13 12bc Mature 66.7 c
X Time period from the day of inoculation to the day of initial symptom
appearance.
^ Average of three replication with five plants per replication. 
Numbers followed by the same letters within a column are not 
significantly different according to Scheffe test (P = 0.05).
Table 7. Effect of leaf position and cultivar resistance on narrow brown leaf spot severity on
plants inoculated at four leaf stages
Leaf Position Mean disease severity (%) 35 days after yinoculation
Labelle Lebonnet Zenith Mars
Lowest 50.1 aZ 47.3 a 1.9 b 1.2 b
Second lowest 53.0 a 41.2 a 1.6 b 1.1 b
Penultimate 1.1 b 0 0 0
Ultimate 0 0 0 0
^ Mean of 15 plants with 5 plants per replication.
2 Numbers followed by the same letter are not significantly different according to Scheffe
test(P = 0.05). Data were analyzed after arcsin transformation.
Table 8. Effect of plant age at inoculation, leaf age and cultivar resistance on narrow brown
leaf spot severity
yPlant age at inoculation Leaf position Mean disease severity (%) on a given cultivar
(weeks) Labelle Lebonnet Zenith Mars
3 Lowest 50.3 aZ 47.5 a 1.2 b 1.0 b
Ultimate 0 0 0 0
11 Lowest 59.5 a 55.5 a 2.3 b 2.1 b
Ultimate 11.9 b 10.5 b 1.7 b 1.4 b
y Mean of 3 replications with 5 plants per replication.
2 Numbers followed by the same letters are not significantly different (P = 0.05) by use of
Scheffe test. Date were analyzed after arcsin transformation.
Table 9. Time of appearance of initial narrow brown leaf spot symptoms after
inoculation on lowest and ultimate leaves in four cultivars grown under 
greenhouse conditions




Labelle Lebonnet Zenith Mars
3 Lowest 12i 121 18fg 18fg
Ultimate 68 c 71bc 75b 84a
11 Lowest 14hi 15fgh 21ef 21ef
Ultimate 21ef 23e 32d 33d
y Number of days from the date of inoculation to the appearance of first disease
symptoms.
Numbers followed by the same letters are not significantly different (P=0.05) by 







5/15 S/31 6/15 6/29 7/20
PLANTING DATES
Fig. 1. Time of appearance of initial narrow brown spot symptoms on
lowest, second lowest, penultimate and ultimate leaves in each 
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17 18 19 20
WEEKS AFTER PLANTING
Fig. 2. Number of narrow brown lesions per leaf on lowest, second 
lowest, penultimate and ultimate leaves on the rice cultivar Lemont 
at Crowley, LA, in 1984. Numbers above the end of each line 
denotes the planting date with:
1=14 April 2=29 April 3=15 May 4=31 May
5=15 June 6=29 June 7-20 July 8=2 August
Each line ends when the corresponding leaf died or observation was
discontinued.
CHAPTER II
Physiological Races of Cercospora oryzae in the Southern United 
States
ABSTRACT
Single spore isolates of £. oryzae were obtained from leaf and 
sheath samples of rice collected from rice-growing regions of 
Louisiana, Arkansas, and a single isolate was obtained from 
Texas. The eight differential cultivars: Nira, Mars, Kamrose,
Rexoro, Zenith, Bluerose, Shoemed, and Fortuna, were inoculated 
with conidial suspensions from each isolate. The plants were 
inoculated 4 wk after planting and were evaluated for disease 
reaction 3 wk later. Forty-three races in six physiologic race 
groups were identified among 76 isolates from Louisiana, 
Arkansas, and Texas. The cultivar Mars, recently released with 
vertical resistance, was found to be susceptible to 18 of the 43 
races. The weed form of Oryza sativa known as "Louisiana straw 
hulled Red rice" was resistant to all 76 isolates tested.
Narrow brown leaf spot caused by Cercospora oryzae Miyake, 
is a foliar disease of rice (Oryza sativa L.). The disease is 
prevalent worldwide wherever rice is grown. It was considered 
to be the most serious fungus disease of rice in Louisiana
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during the 1940's(7). Control of narrow brown leaf spot disease 
has been attempted through the breeding for vertically resistant 
cultivars. However, cultivars with vertical resistance become 
susceptible within a few years after their release (8).
Ryker (4) was first to report physiologic specialization in 
oryzae in 1940. He initially found three races among 20 
isolates tested (5). Later he found 5 distinct races among 36 
isolates tested on 5 differential cultivars (5). When three 
more differential cultivars were added to the original 5 
varieties, a total of 16 pathogenic races were identified among 
36 isolates tested. Recently, Estrada et al(2) found nineteen 
physiologic races in six race groups among 60 isolates from the 
Philippines. Since recent information on physiologic races of 
£. oryza in the United States is lacking, this study was 
undertaken to update the race situation in the southern United 
States and to use this information in varietal screening for 
resistance to C oryzae.
MATERIALS AND METHODS
Leaf and sheath samples were collected from the disease 
nursery located at the Rice Research Station at Crowley, LA and 
from fields of seven main rice growing parishes; St. Landry, 
Evangeline, Acadia, Jefferson Davis, Vermillion, Allen and 
Iberia. Also, diseased leaf samples were provided by Dr. Fleet 
Lee of the Univeristy of Arkansas and an isolate was sent from 
Texas by Dr. Glenn Whitney. Specimens of infected leaf or 
sheath were cut into small pieces; the surfaces were sterilized 
for 20-30 seconds in a 5.25% sodium hypochlorite solution and 
then washed three times with sterile distilled water. The
specimen surface was air dried for 2 minutes before being placed
on a microscope slide maintained inside a petridish moist
chamber containing filter paper soaked in sterile distilled
water. The chambers were incubated for 72 hr at 28 C with 12 hr
light -12 hr dark regime. Conidia from sporulating lesions were
streaked onto a water agar plate for germination and a single
spore was transferred to potato-dextrose agar (PDA) slants using
the low power objective of a compound microscope. All cultures
were stored in a refrigerator at 4 C as either cultures grown on
PDA slants or as blocks of mycelium on PDA in screwcapped test
tubes containing sterile distilled water. Isolates were
transferred to water agar and incubated at 24 C for one week to
produce conidia. Inoculum was increased by streaking these
conidia with a loop onto cornmeal agar (CMA) and incubating them
for 7 days at 28 C. Conidia were removed from colonies on CMA
with sterile distilled water containing Tween 20 (one drop per
100 ml water) and were adjusted to 
510 spores/ml before inoculation.
According to the disease reactions obtained in 1983 field 
experiments, fifteen cultivars or lines were selected for final 
evaluation under greenhouse conditions. Based on preliminary 
inoculation with 10 isolates, eight cultivars: Nira, Mars,
Kamrose, Rexoro, Shoemed, Zenith, Bluerose, and Fortuna, were 
selected based on their differential reactions to these 
isolates, and the fact that all the cultivars except Mars and 
Kamrose were used as differentials in earlier studies (5). By 
including the old cultivars it was possible to compare the 
current race situation with those reported in 1940's. All eight
cultivars were planted side by side in a predetermined sequence 
in an aluminum tray (0.37 m x 0.6 m) containing 2/3 organic soil 
and 1/3 sand soil. Four-week-old plants were inoculated by 
uniformly spraying a conidial suspension over leaf surfaces. 
They were incubated for 7 days inside a plastic-covered moist 
chamber built onto a greenhouse bench where the temperature 
ranged from 16 to 20 C at night and 27 to 32 C in the daytime 
and the relative humidity was ca. 65 to 100%. Later, the 
plastic was removed and plants were rated on a 0 to 9 scale for 
disease reaction 21 days after inoculation. Cultivars rated as 
0 were consideed resistant, 1 to 3 as intermediate and more than 
3 as susceptible.
The race classification of 76 isolates was determined by 
the method described for Pyricularia oryzae (3). Based on 
susceptible or resistant reaction of eight differential 
cultivars, a theoretical maximum of 256 races can be 
differentiated. The 256 races consist of 128, 64, 32, 16, 8, 4, 
2, 1, and 1 races in the race group LA, LB, LC, LD, LE, LG, LH, 
and LI group, respectively. The prefix L, denotes Louisiana. 
The L is followed by the letter A, B, C, D, E, F, G or H 
according to the susceptibility reaction to the key cultivar 
when all the cultivars were examined in sequence as listed in 
Table 1. Also, the letter I was assigned to a race group, if 
all key cultivars showed resistant reaction. Races were 
identified using predesignated pathogenicity patterns of all 
possible races and a dichotomous arrangement of susceptible and 
resistant reactions of the differential varieties. A lower case 
letter a, b, c, d, e, f, g, o r h  was assigned to the race number
to indicate a susceptible intermediate reaction on that variety.
Susceptibility of the cultivars Labelle, Lebonnet, and 
Leraont and the weed "Louisiana Red Rice" were evaluated by the 
procedure described for race identification studies.
RESULTS AND DISCUSSION
The host range used in this study differentiated 43 
physiologic races of £. oryzae among 76 isolates from rice 
cultivars (Table 2). These races were distributed in six of the 
nine race groups. The race group LA had 25 races, followed by 
LD, LB, LE, LF, and LI groups with 7, 5, 4, 1, and 1 races, 
respectively. This race group and numbering system was based 
on the nomenclature system of Ling and Ou (3), and was also used 
by Estrada et al (2) for the identification of physiologic races 
of oryzae in the Philippines. However they used a different 
group of differential cultivars. Among the eight differential 
cultivars used in this study: Nira, Rexoro, Shoemed, Zenith, 
Bluerose, and Fortuna, were used as differentials in the United 
States in earlier studies (1, 5, 6). The results of this study 
indicate that £. oryzae is a highly variable pathogen and 
cultivars with vertical resistance may become susceptible within 
a few years after their release. Therefore, the use of 
rate-reducing resistance has been advocated (8).
Screening of rice varieties and red rice to these races 
indicated a wide spectrum of differences in resistance to £. 
oryzae (Table 3). The commercially grown varieties Labelle, 
Lebonnet, Mars, and Lemont were susceptible to 42, 29, 18, and 
25 of the 43 races tested, respectively. The weed form of Oryza 
sativa known as "Louisiana Red rice" was resistant to all 76
isolates from commercial rice cultivars and may provide a 
valuable source of resistance for use in the rice breeding 
program. Red rice collection cross readily with commercial (). 
sativa cultivars . The cultivar Kamrose was found to be 
resistant to all 10 races, and Shoemed, was only susceptible to 
race 9 in studies conducted in the 1940's. (1, 4, 5). These 
cultivars were found in our tests to be susceptible to 5 and 35 
races, respectively. Mars and Lemont recently grown in 
Louisiana were found to be susceptible to 41.9% and 58.1% of the 
43 races tested. The old cultivars Labelle and Lebonnet were 
susceptible to 97.7% and 67.4% of the races. This study 
suggested that as the popularity of a cultivars with vertical 
resistance increases, the number of races of £. oryzae that 
could attack it also increases. Therefore, breeding for durable 
resistance may provide a long term control of narrow brown leaf 
spot in rice. The prevalence of narrow brown spot on all the 
rice growing areas and the existence of numerous races of 
oryzae indicate its potential significance in rice production.
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Table 1. Key to Identification of physiologic race groups of
Cercospora oryzae in the southern United States
Sequence Cultivars
Fredesignated race groups and 
reaction to C. oryzae
LA LB LC LD LE LF LG LH (LI)
A Nira S
B Mars R S
C Kamrose R R S
D Rexoro R R K S
E Shoemed R R R R S
F Zenith R R R R R S
G Bluerose R R R R R R S
H Fortuna R R R R R R R S (R)
Races possible 128 64 32 16 8 4 2 1 1
a The first cultivar that showed a susceptible reaction to £. oryzae de­
termines the race group of an isolate, regardless of the reaction that 
follows. L=Louisiana. A through H=race groups were arranged according 
to the susceptibility of the key cultivar examined in the A through H 
sequence. I=race group with no susceptible reaction on any key culti­
var. S=susceptible, R=Resistaut to oryzae
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Table 2. Reaction of differential rice cultivars to physiologic races 
of Cercospora oryzae in the southern United States
Reaction of host range cultivars1*
Race a_ b group Race Isolate0number A B C D E F G H
LA
LA-2g 20 S S S S s S SCI) R
LA-5bc 23 S S(I) sci) s s R S S
LA-7bc 2 S S(l) 8(1) s s R R s
LA-8bc 1 S S(l) s(i) s s R R R
LA-34g 33 S S R s s S S(I) R
LA-35b 24 S s(D R s s S R S
LA-36 51 s S R s s S R R
LA-40 16 s s R s s R R R
LA-44abf 19 S(1) S(I) R s R SCD R R
LA-50 17 s s R R S s S R
LA-54g 26 s s R R s K S C D K
LA-55b 31 s S(I) R R s R R S
LA-56b 3,56 s s ( l ) R R s R R K
LA-96 15 s R S R R R R R
LA-98 12,73 s R R S S S S R
LA-9 9 8 s R R S S S R S
LA-100f 22,25,53 s R R s S sen K R
LA-lOlh 37,43 s R R s S R S 8(1)
LA-103h 36 s R R s s R R s en
LA-104 6 ,13,42,46 s R R s s R R R
LA-116 4 ,44,61,68 s R R R s S R R
LA-118 38,41 s R R R s R S R
LA-119h 40,76 s R R R s R R SCI)
LA-120 35,59,60,
62,75 s R R R s R R K
LA-128 18,63,71 s R R R R R R R
LB
LB-44b 9 R s(D R S R S R R
LB-51 48 R S R R S S R S
LB-52 28 R S R R S s R R
LB-56 5 R s R R S R R R
LB-62 27 R s R R R R S R
LD
LD-lh 72 R R R S S S S SCI)
LD-2g 55,70 R R R S S s S(l) R
LD-4f 11 R R R S s s (I) K R
LD-5dh 29,66 R R R S(I) s R S SCI)
LD-7dh 50,67 R R R S(I) s R R SCI)
LD-8 32,58 R R R S s R R R









R R R R S S(1) SCI) s
R R R R s S(I) s R








R R R R R S R R
R R R R R R R R
L=Louisiana. A through I=specific groups according to the
susceptibility of the key cultivar examined in the A throught ii
sequence. I=race group with resistant reaction on ail key cultivars. 
b
Races were designated by group and number. Lower case letters were 
used to indicate intermidiate susceptible reaction on key cultivars.
Q Cultured from leaves and leaf sheaths of rice plants grown in Texas, 
Louisiana, and Arkansas.
^ A=Nira, B=Hars, C=Kamrose, D=Rexoro, E=Shoemed, F=Zenith, G=muerose, 
H=Fortuna, R=Resistant, S=Susceptible, 1intermediate reaction to 
oryzae
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Table 3. Relative susceptibility of rice cultivars to 76 isolates U1
aoryzae
Susceptible reaction to
Cultivar No. of Isolates No. of Races Percentage of Races
Labelle 75 42 97.7
Shoemed 66 35 81.4
Lebonnet 60 29 67.4
Lemont 49 25 58.1
Nira 44 25 58.1
Rexoro 34 23 53.5
Zenith 26 19 44.2
Mars 19 18 41.9
Bluerose 22 15 34.9
Fortuna 17 13 30.2
Kamrose 5 5 11.6
Red rice 0 0 0
Total 76 43
Q Result of experiments repeated twice with 5 plants of a variety per
experiment.
Susceptible reaction to percentage of the total 43 races tested.
c Close relative of rice and a common weed plant in Loisiana rice 
fields.
CHAPTER I I I
Sources of Rate-Reducing Resistance in Rice to 
Cercospora Oryzae
ABSTRACT
Twenty-two rice lines and cultivars with mean disease 
ratings for narrow brown leaf spot, caused by Cercospora oryzae, 
of 0 to 4 on a 0 to 9 scale were selected based on the results 
of disease nurseries conducted from 1974 to 1982. These lines 
were evaluated for their apparent Infection rates (r) and for 
disease severity values in 1983. Five of the cultivars showed 
significantly lower r-values (0.08 to 0.14) when compared to two 
susceptible check cultivars (r = 0.21 and 0.22). Terminal 
disease severity values were 0.48 to 2.17% for cultivars with 
rate-reducing resistance compared to 15.6 to 20.95% for 
susceptible cultivars, which indicates a high level of partial 
resistance. Four cultivars with low r-values, one cultivar with 
monogenic resistance, and one susceptible check cultivar were 
evaluated in the field for resistance to three races of £. 
oryzae in 1984 and four cultivars was tested against three races 
of £. oryzae in 1984. These cultivars exhibited significantly 
lower r values when compared to the susceptible check varieties. 
This study provides the first evidence of rate-reducing 
resistance in rice to oryzae.
Attempts to achieve a durable resistance in rice (Oryza sativa 
L.) to Cercospora oryzae Miyake by the development of
race-specific cultivar have failed repeatedly due to the
development of new physiologic races of the fungus (3,10,11,13).
The effectiveness of disease resistance in plants is 
influenced by host genotype, pathogen genotype and environmental 
conditions. To assess resistance, disease progress should be 
measured (8, 20). Vanderplank (19) stated that differences in 
the rate of increase in disease severity were reflected by 
differences in apparent infection rates (r). Villareal et al 
(21) found lower r values in slow blasting cultivars of rice 
when compared to a susceptible cultivar. Several researchers 
have reported on some form of rate reducing resistance in crop 
plants (1,2,5,7, 15, 16, 17). The ultimate effect of
rate-reducing resistance is a decrease in disease severity at
maturity (8). Prospects for sources of cultivars with slow
narrow brown leaf spot infection in rice have been presented 
earlier (12).
No information is available regarding durable resistance in 
rice to the narrow brown leaf spot disease caused by £. oryzae. 
While many test entries had a ”0" reaction in disease nurseries, 
only a few lines or cultivars have exhibited low disease ratings 
(2-4) over several years in the disease nurseries conducted at 
the Rice Research Station, Crowley, LA. This research was 
undertaken to critically evaluate the rice cultivars in order to 
identify them as possible sources of rate-reducing resistance to 
C. oryzae.
MATERIALS AND METHODS 
Screening for rate-reducing resistance. Twenty-two rice 
cultivars and breeding lines were evaluated at the Rice Research
Station, Crowley, Louisiana for relative rate-reducing capacity 
and disease severity under natural epidemic conditions. The 22 
cultivars and lines were Labelle, Bluebonnet, Saturn, Lebonnet, 
Leah, Mars, Bluerose, Ratna, Shoemed, Melrose, Pankaj, Usen, 
Nato, NP-125, Bellevue, Dawn, Nova 76, BN 73, Zenith, STBN/TDCN, 
S201, and Starbonnet. These cultivars and lines were selected 
based on their disease ratings in nurseries conducted from 1974 
to 1982 and reported in the LSU Rice Research Station Annual 
Reports for those years. Approximately 5g of seed of each entry 
were drill-seeded with a hand-drop planter in each 1.5 m single 
row plot. Rows were planted 30 cm apart. Immediately before 
applying the permanent flood, the plants were fertilized at the 
rate of 100-50-50 kg of actual nitrogen, phosphorous, and 
potassium per hectare. Propanil was applied before flooding at 
the rate of 4 kg a.i. per hectare to control weeds. A permanent 
flood, 10 to 15 cm deep, was maintained on the experiment for 
the rest of the growing season. The experiment was conducted in 
a randomized complete block design with three replications.
Lesion counts were initiated 77 days after seeding and 
continued at weekly Intervals thereafter. Four reading sites 
were randomly selected within each plot and five diseased 
tillers were assessed at each site. The average number of 
lesions from leaves on these 20 tillers was used in calculating 
the disease severity of a plot. The total number of average 
length lesions that could occupy a tiller was estimated at each 
date by counting the total numbers of lines that could be placed 
on the leaves (one side only) with a laundry marking pen. The 
line size corresponded to the average size of a lesion. The
actual lesion count was divided by the total number of lesions 
possible to calculate disease severity at each assessment date 
(21). Disease severity proportions were transformed to logits 
and regressed on days to calculate the apparent infection rate 
(20) .
Field-testing rate-reducing resistance - 1984. Four cultivars 
with low apparent infection rates in the 1983 test, one with 
monogenic resistance, and one susceptible check cultivar (Table 
2) were re-evaluated in the field for their relative 
rate-reducing capacity against three pathological races of £. 
oryzae. The races were identified as LD-4f» LB-44b, and LA-lOOf 
in previous greenhouse inoculation studies (13). The experiment 
was conducted in a randomized complete block design with 
factorial treatment arrangement and three replications. The 
plot size was 1.5 m x 1.5 ra. The susceptible cultivar Lebonnet 
was planted between blocks to monitor the natural occurence of 
narrow brown spot. Three rows of Mars, a resistance cultivar, 
were planted surrounding each plot to minimize cross infection. 
All the other cultural practices were performed as described for 
the first experiment.
Inoculum for field use was produced by inoculating plants 
of the susceptible cultivar Labelle at the four leaf stage. 
These plants were grown in the greenhouse in 15 cm diameter pots 
and were uniformly inoculated with £. oryzae using a spore
5concentration of 10 spores per milliliter of sterile distilled 
water. Inoculated plants were placed inside a moist chamber on 
a greenhouse bench for 7 days. Typical lesions developed on 
leaves 14 days after inoculation. One plant with lesions was
transferred to the center of each plot In the field. Lesion 
counts were initiated 21 days after inoculum transfer and 
continued at weekly intervals. Four reading sites were randomly 
selected within each plot and lesions were counted on 10 tillers 
at each site. The disease severity and apparent infection rates 
were assessed as described in the first experiment.
1985 experiment. The cultivars Leah, Melrose, and Nato, which 
were resistant in 1984, were evaluated a second season for 
rate-reducing resistance using three pathogenic races of _C. 
oryzae. Labelle was grown as the susceptible check. The new 
races LA-5bc and LA-35b were used in addition to race LB-44b, 
which was used in the 1984 study.
The experimental design was a randomized complete block with 
factorial treatment arrangement and three replications. The plot size 
was 3 m x 3 m. All the other cultural practices were as described for 
previous experiments.
Inoculum for each isolate was increased by streaking dry spores on 
cornmeal agar. Conidia from these colonies were collected in sterile, 
distilled water and adjusted to 10^ spores per milliliter of water. Ten 
plants were inoculated uniformly with a manual sprayer in the upwind 
corner of each plot late in the afternoon on a cloudy day. Lesion 
counts were started 19 days after inoculation and continued at weekly 
intervals thereafter. Disease severity values were assessed as 
described in the 1984 experiments. Apparent infection rates were 
calculated and compared after analysis of variance.
RESULTS AND DISCUSSION
Ten of the 22 cultivars and lines tested in the first field 
experiment were either free of narrow brown leaf spot lesions or had
only a few lesions develop by harvest time. These cultivars and 
lines were Mars, Ratna, Pankaj, Usen, NP-125, Bellevue, BN 73, 
Zenith, STBN/TDCN, and S201. Six cultivars with moderately 
resistant or moderately susceptible disease reactions were Nova 
76, Nato, Melrose, Leah, Dawn, and Starbonnet. The cultivars 
Labelle, Bluebonnet, Bluerose, Shoemed, Saturn, and Lebonnet 
were susceptible to £. oryzae. Mean r-values and mean disease 
severities for six cultivars with intermediate reaction, two 
susceptible cultivars, and two cultivars with monogenic 
resistance are presented in Table 1. The cultivars with 
intermediate reaction appeared to have rate-reducing resistance 
and, based on final disease severity, partial resistance. There 
was a significant difference in r-values among cultivars with 
susceptible or rate-reducting resistance. Mean terminal disease 
severity values were lower for cultivars with rate-reducing 
resistance than susceptible cultivars, indicating a high level 
of partial resistance. Lesion size was significantly smaller on 
Melrose and Nova 76 compared to the other cultivars tested.
In the 1984 test, the four cultivars exhibiting low 
r-values in 1983, a susceptible cultivar, and a cultivar showing 
vertical resistance in 1983 were tested for r-values and disease 
severities. The cultivars Included Melrose, Nova 76, Leah, and 
Nato. Lebonnet and Zenith served as the susceptible and 
monogenic resistant check cultivars, respectively. The disease 
progress curves caused by three races of oryzae on six
cultivars and their logit transformation are presented in Fig.
1. Disease always progressed at a slower rate and resulted in 
greatly reduced lower terminal disease severity on Melrose, Nova
76, and Nato with rate-reducing resistance when compared to the
susceptible cultivar Lebonnet. Race LA-lOOf of oryzae was
not affected by the monogenic resistance in Zenith. The two
races LD-4f and LB-44b had high r-values but lower terminal
disease severity than the Lebonnet check. The logistic model
2(19) provided a good fit to the disease progress data with R 
between 81% and 99%; however, r-values were greatly influenced 
by initial disease severity. The disease progress curves, 
caused by three races on Nato grown since 1956, Leah grown since 
1984, and the susceptible cultivar Lebonnet, are presented for 
comparisons in Fig. 2, Disease progress curves for the three 
races of _C. oryzae were similar on both Leah and Nato, and which 
had greatly reduced terminal disease severity compared to 
Lebonnet. Similarity between disease progress on Nato grown for 
25 years in Louisiana and recently grown Leah indicated that 
rate-reducing resistance in Nato remained durable for longer 
period of time compared to cultivars with monogenic resistance. 
Comparisons among mean apparent infection rates and mean initial 
and terminal disease severities are presented in Table 2. 
Significantly lower r-values were exhibited by the cultivars 
with rate-reducing resistance than on the other cultivars 
tested. Initial symptoms appeared 7 days later on Zenith than 
on the other cultivars tested. Once initiated, however, the 
disease progressed faster on Zenith than on the susceptible 
cultivar Lebonnet. Also, lesion size on Zenith became as long 
as that on Lebonnet. This may be due to the faster senescing 
characteristic of Zenith leaves at maturity as compared to 
Lebonnet, and may have resulted in loss of resistance in Zenith.
In 1985, the cultivars Melrose, Leah, and Nato which had
low r-values in 1984 and the susceptible cultivar Labelle were
tested again for r-values and disease severities using race
LB-44b of C. oryzae and two new races. The disease progress
curves for these races on four cultivars and their logit plots
are presented in Fig. 3. Disease progressed at a much faster
rate and, in turn, resulted in a 6 to 15 fold higher terminal
disease severity values on Labelle when compared to cultivars
with rate-reducing resistance. The logistic model (19) provided
a good fit to the disease progress data for individual plots
2with respect to the coefficient of termination (R between 72% 
and 99%). The apparent infection rate, however, was strongly 
influenced by minor differences in initial disease severity. 
Small differences in the level of initial disease severity 
between Leah and Melrose produced large differences in the 
logits of disease severity. In turn, differences in terminal 
disease severity between Leah and Melrose were not reflected by 
their r-values. The disease progress curves caused by three 
races on Nato, Leah, and the susceptible cultivar Labelle are 
presented in Fig. 4. Disease progress on a given cultivar was 
similar for all three races tested, which indicated that 
biologically a cultivar performed similarly to all the three 
races of £  oryzae used in 1985 field tests. The results of this 
study suggested that narrow brown leaf spot caused by oryzae 
progressed at a much slower rate on cultivars with rate-reducing 
resistance when compared to the susceptible cultivar Labelle. 
Comparisons among mean r-values and mean initial and terminal 
disease severities are presented in Table 3. Significant race x
cultivar interactions for r-values were detected in this 
experiment but were nominal relative to the main effect of 
cultivar and race. This interaction was detected in spite of 
the fact that the mean terminal disease severity on a given 
cultivar was similar for all the three races tested. This 
suggests that differences in initial amount of disease resulted 
in differences in r-values. The cultivar Leah with a three-fold 
higher terminal disease severity compared to Melrose, had lower 
apparent infection rates against races LB-44b and LA-35b of 
oryzae.
In contrast, the cultivar Zenith with two-fold terminal 
disease severity caused by race LA-lOOf had similar r-value when 
compared to race LD-4f. In turn, no significant cultivar x race 
interactions were detected in 1984, even when Zenith was 
included in the analysis of variance. Vanderplank (19) states 
that the logrithmic infection rate and initial inoculum are 
independent. Our results suggest that apparent infection rates 
are dependent on the initial amount of disease as has been 
reported by other researchers (2, 6, 9).
The evaluation of rice cultivars for rate-reducing 
resistance to £. oryzae based on a single observation at some 
point in time may lead to erroneous conclusions. For example, 
early readings may not detect susceptibility of a cultivar, 
whereas later readings may underestimate the resistance of test 
material. Vanderplank (20) suggests that disease progress 
curves are the simplest and, perhaps, the best way of showing 
how resistance in the host can be interpreted in terms of 
disease in the field. Villareal et al (21) also advocated using
sequenclal observations over time and suggested expressing 
"slow-leaf-blasting" in terms of the statistics associated with 
the disease progress curve. As the field plots in most 'cases 
would have some differences in the initial amount of disease 
severity, apparent infection rates in conjunction with disease 
progress, should be used in evaluation of disease resistance 
unless better alternative models for describing epidemics are 
developed.
The cultivars with rate-reducing resistance, evaluated in 
the present studies, remained fairly stable under Louisiana 
conditions when tested over three years against five races of jC. 
oryzae. These cultivars always resulted in lower terminal 
disease severities with little or no lesion formation on flag 
leaves as compared to susceptible cultivars. Our greenhouse 
studies with 20 races of Ch oryzae also supported the findings 
in the field (14). The cultivars with rate-reducing resistance 
always had a lower number of lesions per leaf or per unit area 
of leaf. Also, lesion size was significantly reduced on Melrose 
and Nova 76 when compared to Labelle. Three of the four 
rate-reducing cultivars have been grown for a number of years in 
Louisiana (18). Nato has been cultivated since 1956 with a 
maximum in 1965 of 345,093 acres (66.65% of total rice area) in 
1965 and Melrose has been grown since 1979 with a maximum of 
20,521 acres (3.85% of total) in 1979. Nova 76, released in the 
late 1970's was only grown on a few thousand acres in the 
southern United States; however, Leah was grown commercially for 
the first time in 1984 on 20,897 acres of land (3.96% of total 
rice area). In addition, these cultivars have also been grown
in the adjoining states of Mississippi and Arkansas. Johnson 
(4) pointed out that the most powerful test for the durability 
of resistance occurs when a cultivar is widely grown for a long 
period in an environment favoring disease. Our results suggest 
that rate-reducing resistance may be more durable than vertical 
resistance to £. oryzae. The cultivar Nato, grown in Louisiana 
since 1956, still has a comparatively high level of 
rate-reducing (partial) resistance compared to more recent 
cultivars released with monogenic resistance.
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Table 1. Comparison among means of apparent infection rates (r)X of epidemics by Cercospora oryzae and 
percent disease severities on ten rice cultivars in field plota at the Rice Research Station, 















Nova 76 0.08d* 0.06 0.07 0,11 0.17 0.60
Nato o.oed 0.07 0.15 0.23 0.32 1.06
MelroBe 0.09d 0.06 0.05 0.09 0.26 0.68
Leah O.lOcd 0.07 0.16 0.18 0.53 1.32
Dawn 0.lied 0.06 0.11 0.15 0.58 2.17
Starbonnet 0.15bc 0.05 0.12 0.31 0.88 3.21
Lebonnet (susceptible check) 0.21flb 0.06 0.21 0.70 6.65 15.60
Labelle (susceptible check) 0.22a 0.07 0.26 0.38 5.72 20.95
Zenith (vertical resistance 
check)
- 0 0 0 0,f)5 0.52
Rntna (vertical resistance 
check!
- 0 0 0 n 0
determined as linear regression coefficient of logit values for disease proportion against time,
yAvernRe of three replications.
ZHeans of apparent infection rates followed hy a common letter are not signifleant 1v different at 
P « 0.05 according to Scheffe test.
Table 2 . Comparison among aaans o f apparent In fe c tio n  rates ( t ) w o f apidsmica and percent dtssss* s e v e ritie s  fo r  three races o f Cercospora orvrae on s ix  
c u lt iv a rs  In  f ie ld  p lo ts  a t  the Hies Research S ta tio n , Crowley, LA In 1984
C u ltiv a r
Race*
LD -tf L8-44b LA-lOOf
r
(per u n it  
per day}
Disease s e v e rity  (Z)
r
(per u n it  
per day)
Disease s e v e rity  ( I )
r




(per u n it  
per day)
I n i t i a l Term inal7 I n i t i a l Term inal I n i t i a l Terminal
Melrose 0.10 0.05 0.56 .07 0.04 0.54 .11 0.04 0.56 0.09d*
Mobs 76 0 .10 0.05 0.6B .11 0.05 0.69 .10 0.06 0.64 0 . 105cd
Lash 0.11 0.08 t.oa .11 0,07 1.28 .11 0.08 1.07 O .ltcd
Mato O .t l 0.05 1.12 .12 0.05 1.24 .12 0.05 1.23 0.12c
Lebonnet 0.16 0.11 9.49 .16 0.11 10.42 .16 0.11 10.59 0.16b
Zenith 0.21 0.08 4.78 .18 0.14 5.24 .20 0.14 8.17 0.19a
“ Determined as l in e a r  regresnian c o e ff ic ie n t o f lo g it  values fo r disease proportion against tim e.
*Vslues w ith in  each race are average o l three re p lic a tio n s .
^Twenty-eight days a f te r  f i r s t  reading except twenty-one days fo r  Zen ith .
EHeana of apparent In fe c tio n  rates followed by the same le t te r s  are not s ig n if ic a n tly  d if fe r e n t  at P -  0 .05  according to Scheffe te a t .
Tabic 3. Cuaparlaon aaong aeane of apparent In fe c tio n  ra tes  ( r ) v  o f epldealcs and percent dlaaaaa s e v e r itie s  fo r three ru m . of 
Cercospora oryaae on four r ic e  c u lt lv a ra  In f ie ld  p lo ts  a t the Rice Research S ta tio n , Crowley, LA In  1985
Race*
C u ltiv a r
LB-44b LA-Sbe LA-35b
r
(par u n it 
par d i f )
r
(per u n it  
per day)
r
(per u n it 
per day)
Disease s e v e rity  ( I )
I n i t i a l T e n ln a l^ I n i t i a l Terminal I n i t i a l Terminal
U b t l le 0 . 14ae 0.87 31.02 0.14a 0.83 32.78 0.14a 0.92 33.96
Laih 0.07ed 0.66 6.71 O.Ofllbcd 0.57 7.01 0.07d 0.81 6.92
H «lroat O.OBbed 0*27 1.67 0.078 0.32 1.79 0.077cd 0.36 2.06
lUtO 0.09be 0.30 6.46 0.096b 0.26 4.93 O.OBSbcd 0.35 4.57
*Dateralned as lin e a r  regreaalon c o e ff ic ie n t o f lo g it  v a lu ta  fo r  dlaaaaa proportion  against t in e .
*Valuea w ith in  each race are averaga of three re p lic a tio n s . 
yTuentj e ig h t daps a f te r  f i r s t  reading.
zKaaus of apparent In fe c tio n  ra tes  followed by the saae le t te r s  ere not s ig n if ic a n t ly  d if fe re n t  a t  P -  0 .05  according 
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Fig 1. Disease progress curves (A), and their logit 
plots (B) for races LD-4f, LB-44b and LA-lOClf of Cercospora 
oryzae on four cultivars Leah, Melrose, Nato, and Nova 76 
with rate-reducing resistance. These cultivars are compared 
with the susceptible cultivars Lebonnet and the Zenith in 
1984 field plot studies at the Rice Research Station, 
Crowley, LA.
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Fig. 2. Disease progress curves for races LD-4f, LB~44b and 
LA-lOOf of Cercospora ory2ae on two rate-reducing rice 
cultivars Nato (A) and Leah (B) and the susceptible cultivar 
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Fig. 3. Disease progress curves (A), and their logit plots (B) 
for races LB-44b, LA-5bc and LA-35b of Cercospora 
oryzae on three rate-reducing rice cultivars Leah, Melrose 
and Nato compared with the susceptible cultivar Labelle in 
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Fig. 4. Disease progress curves for races LB-44b, LA-5bc 
and LA-35b of Cercospora oryzae on two rate-reducing rice 
cultivars Nato and Leah and the susceptible cultivar 
Labelle in 1985 field plot studies at the Rice Research 
Station Crowley, LA.
CHAPTER IV 
Components of Rate-reducing 
Resistance in Rice to Cercospora oryzae
ABSTRACT
Relative receptivity, the number of lesions per leaf, 
lesion length, conidial production per lesion, and incubation 
periods were measured on two cultivars Nova 76 and Melrose with 
rate-limiting resistance and a susceptible cultivar Labelle. 
Nova 76 and Melrose had significantly lower relative 
receptivity, number of lesions per leaf, spore production per 
lesion, and lesion size when compared to Labelle. These 
resistance factors were operative whether plants were inoculated 
at the seedling or heading stage. Initial symptom appearance 
was delayed by 7 to 8 days on rate-limiting resistance cultivars 
at the heading stage. The number of lesions per leaf and lesion 
length were remarkedly reduced on resistance cultivars when 
compared with the susceptible cultivar against twenty races of 
Cercospera oryzae. Two other cultivars with rate-limiting 
resistance, Leah and Nato, also had fewer lesions per leaf and a 
slight reduction in lesion length when compared to Labelle. 
Cultivar x race interaction was not significant when Nova 76, 
Melrose, and Labelle were tested against two races for number of 
lesions per leaf. This interaction was significant when these 
cultivars were tested using ten distinct races. However, the 
cultivar x race interaction was not significant for lesion 
length. The cultivar x humidified period was highly significant 
even when a single race of oryzae was used for inoculation.
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These results suggest that statistical interaction should be 
interpreted with caution in host-parasite interaction studies. 
Additional key words: Durable resistance, race-nonspecific
The durability of disease resistance in plants is influenced by 
host genotypes, pathogen genotypes and environmental factors. 
Polygenically inherited resistance in plants has been assumed to 
be race-nonspecific (18). However, significant cultivar x 
isolate interactions have been found in which disease resistance 
is quantitatively inherited (9,13). Vanderplank (18) advocates 
two statistical tests, that is, analysis of variance and ranking 
order for the detection of vertical and horizontal resistance in 
plants. Presence or absence of significant interaction is 
interpreted as race-specific or race-nonspecific resistance, 
respectively. However, several researchers have found 
significant isolate x cultivar interactions caused by 
environment (3,4,6),
Rate-limiting resistance reduces the rate of epidemic 
development and thereby reduces the terminal disease severity on 
plants. Considerable effort has been made to identify 
components of rate-limiting resistance in crop plants 
(2,10,16,19). Identification of components of rate-reducing 
resistance, such as; relative receptivity, lesion size, 
incubation period, and spore production per lesion is valuable 
in identifying disease resistance in segregating populations. 
This research was undertaken to identify some of the components 
of the rate-reducing resistance exhibited by the rice cultivars 
Nova 76, Melrose, Leah and Nato to Cercaspora oryzae, Miyake.
Tests were also conducted to determine if the growth stage of 
the plants at inoculation or length of time plants are exposed 
to high humidity after inoculation affect these components. The 
third objective of these experiments was to determine whether or 
not the rate-reducing resistance in the above cultivars was 
effective against 20 pathological races of £. oryzae.
MATERIALS AND METHODS 
Isolates. Twenty races of C_. oryzae with a wide range of 
virulence were selected for inoculation studies. The races were 
identified in a previous study (15) as LE-1, LA-104, LB-52,
LA-55b, LA-50, LA-lOlh, LD-4f, LA-5bc, LB-44b, LA-35b, LA-lOOf, 
LD-7dh, LA-98, LE-8, LA-99, LA-56b, LD-2g, LA-40, LD-lh, and 
LB-62. Isolates were transferred to water agar and incubated at 
20 C for one week to produce conidia. These conidia were 
streaked with a loop onto cornmeal agar in petri plates and 
incubated at 28 C. Spores from 7-day-old cultures were 
harvested by adding 10 ml of sterile distilled water per plate 
and dislodging the conidia with a sterile, glass rod. The 
conidial suspension was filtered through four layers of 
cheesecloth and adjusted to 10^ conidia per milliliter. The 
wetting agent Tween 20 was added to the suspension at a rate of 
one drop per 100 ml. Plants were inoculated by spraying 0.5 ml 
of conidial suspension uniformly over the adaxial surface of 
each leaf with a De Vilbiss atomizer.
Humidified period. The effect of the humidified period on the 
number of lesions per leaf and lesion length was determined by 
using four, previously identified cultivars with rate-reducing 
resistance: Nova 76, Melrose, Leah and Nato, and a susceptible
cultiva,r Labelle (14). A single highly virulent race, LB-44b 
was used for inoculation of 30-day-old plants of each cultivar. 
Inoculated plants were placed for 1, 3, 5 and 7 days, inside a 
clear plastic chamber which was humidified continuously with an 
electric humidifier. Mean temperature inside the chamber was 
between 19 to 22 C at night and between 26 to 30 C during the 
day . Relative humidity inside the chamber was maintained at 
ca. 100% except between the hours of 11 A.M. to 3 P.M., at which 
time the humidity dropped to between 65% to 80%. The plants 
were moved to a greenhouse bench at the specified intervals and 
the number of lesions and lesion size were recorded 7 days after 
the initial symptom appearance. The number of lesions per leaf 
was determined by averaging the number of lesions on 10 leaves 
for each replicate of each treatment. Lesion length was 
determined by averaging the lengths (in mm) of 30 lesions for 
each replicate of each treatment.
Relative receptivity, number of lesions per leaf, lesion length, 
incubation period and number of spores per lesion. These 
experiments were carried out three times. In each experiment 
two races, LB-44b and LA-35b, were used to inoculate by the 
previously described procedure. Two cultivars, Nova 76 and 
Melrose, with a very high level of rate-reducing capacity and 
the susceptible cultivar Labelle were used in each trial. 
Thirty-day-old seedlings of each cultivar were used for 
inoculation in the first two experiments, while heading stage 
plants were used in the third experiment. Each experiment 
consisted of three replications with factorial treatment 
arrangement. A total of 10 leaves of each cultivar per
62
replication was used for observations. Inoculated plants were
kept inside the humidified chamber for 5 days and then placed on
an open greenhouse bench. The number of lesions per sq cm of
leaf area was recorded 7 days after initial symptom appearance.
The leaf area of each cultivar was recorded with a LI-COR model
3000 leaf area meter (LI-COR, Inc., Lincoln, NE). Lesion size
was measured with a ruler by averaging the lengths (mm) of 30
lesions for each cultivar in a replication. Relative
receptivity was calculated by determining the number of 
2lesions/cm leaf area on Nova 76 and Melrose relative to the
2number of lesions/cm leaf area on Labelle. Conidia produced 
per lesion was determined by counting with a hemacytometer the 
number of conidia washed from 10 infected 
leaves/cultivar/replication after incubating the leaves for 96 
hr at 23 C and 100% relative humidity inside a petri plate moist 
chamber.
The incubation period was measured as the time period from 
the day of inoculation to the day of appearance of initial 
disease symptoms (a small necrotic lesion with yellow halo 
surrounding it). Facultative parasites, such as, oryzae,
sporulate on necrotic tissue following moisture periods of 
sufficient duration. Therefore, the incubation period may 
parallel the latent period (10).
Evaluation of races. In the first experiment, 30-day-old 
seedlings of four rate-reducing resistance cultivars Leah, 
Melrose, Nato, Nova 76, and a susceptible cultivar Labelle were 
evaluated for lesion size and lesion number produced by 11 races 
of oryzae. In the second experiment the resistant Nova 76
and Melrose were compared with Labelle by inoculating them with 
nine additional races. In an earlier study, a highly
significant correlation (r=0.99) was found between the number of
2lesions per leaf and number of lesions/cm leaf area. 
Therefore, the number of lesions per leaf was recorded by 
averaging the number of lesions on ten infected leaves per 
cultivar per replication. Lesion length (mm) was measured by 
averaging the length of 30 lesions for each replicate of each 
cultivar.
RESULTS
Effect of length of humidified period on lesion number and 
lesion length. The number of lesions on all rice cultivars 
increased as the period in a humidified chamber was extended 
following inoculation with C:. oryzae (Fig. 1). Lesion length 
also Increased with the increase in the humidified period on the 
cultivars Labelle, Leah and Nato, but not on Melrose and Nova 
76. The cultivar x length of humidified period interaction was 
highly significant at P jj 0.01 for both lesion number and lesion 
length (Table 1).
Relative receptivity, number of lesions per leaf, lesion
I
length, incubation period, and number of spores per lesion. 
There were highly significant differences in relative 
receptivity, the number of lesions per leaf, lesion length, and 
the number of spores per lesion among the three cultivars tested 
at two growth stages (Tables 2 and 3). Data of two experiments 
for seedling stage plants that were pooled for analysis as the 
experiment x race, experiment x cultivar and experiment x race x 
cultivar interactions were not significant. Also, race x cultivar
interaction was not significant in trials where both seedling 
and heading stage plants were inoculated. The number of lesions 
per leaf, lesion length and the number of spores per lesion were 
significantly higher on Labelle as compared to Melrose and Nova 
76. Labelle was significantly more receptive when compared to 
the two resistant cultivars. The number of lesions per square 
centimeter of leaf area was significantly correlated with 
lesions per leaf (r = 0.99, P 0.01). The appearance of 
initial disease symptoms was delayed by 7 to 8 days on the 
cultivars with rate-limiting resistance inoculated at the 
heading stage (Table 3) compared to a 1 day delay when plants 
were inoculated at the seedling stage (Table 2).
Evaluation of races. Five cultivars were evaluated against 
11 races of £. oryzae. Cultivar x race interaction was highly 
significant for the number of lesions per leaf and lesion length 
(Table 4). The number of lesions per leaf and lesion size were 
significantly higher for Labelle than Melrose, Nova 76, Leah, 
and Nato. (Fig. 2).
The two rate-reducing cultivars, Nova 76 and Melrose, were 
reevaluated using race LA-35b and nine additional races because 
they always had a lower number of lesions per leaf and a smaller 
lesion length as compared to the susceptible check Labelle (Fig. 
2). Cultivar x race interaction was significant for lesion 
number, but not for lesion length (Table 5). The mean lesion 
lengths produced by ten races on Melrose and Nova 76 were 
significantly lower than those produced on Labelle (Fig. 3). 
The number of lesions per leaf was significantly lower on
cultivars with rate-limiting resistance compared to Labelle.
DISCUSSION
The number of narrow brown lesions increased on all rice 
cultivars as the period in a humidified chamber increased. 
Lesion length was also influenced by the period of incubation 
inside the moist chamber. Wallin and Loonan (17) also reported 
that the number of leaf spots on sugarbeet produced by
Cercospora beticola Sacc. increased with the increase in the 
humidified period. In this study there was a significant 
cultivar x length of humidified period interaction detected for 
lesion number and lesion length. This interaction suggests that 
the infection process takes longer on some cultivars than others 
and that leaf-wetness-period affects the success of infection on 
different cultivars. This result also supports the notion that 
the environment plays a key role in determining the
effectiveness of rate-reducing resistance and in causing
differential interaction between host cultivars and pathogenic 
races. The influence of environmental conditions on disease 
resistance has been demonstrated within other host-pathogen 
systems (3,4,6,7,8).
The cultivar x race interaction was not significant when 
three cultivars were evaluated for components of resistance 
against two pathogenic races. However, the cultivar x race 
interaction was significant for lesion number but not for lesion 
length, as the number of races was inceased to ten.
Furthermore, a statistically significant interaction was 
detected for both lesion number and lesion length when five
cultivars were tested against eleven races. The interaction
remained significant for lesion number, even when the 
susceptible cultivar Labelle was not included in the analysis of 
variance. However, the cultivar x race interaction was not 
significant for lesion length for the eleven races when Labelle, 
Leah, and Nato were excluded from the analysis of variance. 
These results question the validity of the analysis of variance 
test for detecting race-nonspecificity in polygenic resistance 
as shown by Parlevliet (9, 11). In this study, the race x
cultivar interaction was not significant when lesion length, 
number of lesions per leaf, number of spores per lesion, 
relative receptivity, and incubation period of Melrose and Nova 
76 were tested against two races. Highly significant positive 
correlations were observed among these components except 
incubation period which had significant negative correlation 
with other components of resistance. The absence of a 
significant interaction suggested that the resistance of Melrose 
and Nova 76 was race-nonspecific. When these cultivars were 
tested against 20 races for number of lesions, a significant 
interaction was indicated. Hence, the resistance of Melrose and 
Nova 76 would be interpreted as race-specific. In contrast, the 
absence of a significant interaction suggested race-non-specific 
resistance of these cultivars, when tested against 20 races of 
£. oryzae for lesion length. Johnson (5) pointed out that as 
all tests are of limited size, the presence of 
race—non-specificity can never be proved.
In this study, the cultivars Melrose and Nova 76 had 
remarkedly reduced lesion length and number of lesions as 
compared to the other cultivars tested. These cultivars seem
fairly stable under a wide range of humidified periods and to a 
large number of pathogenic races. The number of lesions per 
unit area and the number of spores per lesion were also greatly 
reduced. The cultivars Nato and Leah had an intermediate level 
of rate-reducing resistance. They always had reduced numbers of 
lesions per leaf but exhibited little or no reduction in lesion 
length when compared to Labelle. Therefore, the resistance of 
Melrose and Nova 76 might be preferred over Leah and Nato. In
light of these present findings, the resistance of cultivars
should be evaluated against a large number of pathogenic races 
in a given environment for selection of durable resistance. 
Lesion number and lesion length may be used for selection of 
breeding lines with rate-reducing resistance to oryzae.
However, lesion length alone may be used for selection of a line 
for high level of resistance as exhibited by Melrose and Nova 
76.
This investigation provides the evidence that all the
components of rate-reducing resistance are not equally effective 
against all the races of £. oryzae tested. Potential exists 
within the pathogen population to overcome one or more
components of resistance under a congenial environment for 
disease development. Some evidence to support this view has 
been shown by other researchers (12, 19). However, host
genotypes effective against a wide range of pathogenic races 
should provide a more durable resistance as compared to 
cultivars with single gene resistance (1).
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Table 1. Analysis of variance of lesion length and lesion number produced by Cercospora
oryzae on five rice cultivars for four different periods of humidification
Lesion Length Lesion Number
Source df Mean square F df Mean square F
Cultivar (fixed) 
Humidified period (fixed) 




















Asterisk indicates F test significant at P= 0.01.
Table 2. Components of resistance produced by two races of





Relative* Labelle 100 100 100a2
receptivity Nova 76 23 25 24b
Melrose 24 26 25b
Number of lesions Labelle 48 46 47 a
per leaf Nova 76 15 15 15b
Melrose 13 15 14b
Lesion length Labelle 4.42 4.36 4.39a
(mm) Nova 76 1.28 1.42 1.35b
Melrose 1.31 1.35 1.33b
spores per Labelle 6100 5967 6033a
lesion Nova 76 2567 2983 2775b
Melrose 2833 2561 2700b
Incubation Labelle 11 11 lib
period (days) Nova 76 12 12 12a
Melrose 12 12 12a
x 2Relative receptivity is the number of lesions/cm leaf area on Nova 76 and
2Melrose relative to the number of lesions/cm leaf area on Labelle.
yAverage of three replications and two experiments.
Means followed by the same letter within a component are not significantly 
different according to Scheffe test (P = 0.05).
Table 3. Components of resistance produced by two races of Cercospora oryzae on





Relative31 Labelle 100 100 100aZ
receptivity Nova 76 26 24 25b
Melrose 25 27 26b
Number of lesions Labelle 78 86 82a
Per leaf Nova 76 25 25 25b
Melrose 23 30 26b
Lesion length(mm) Labelle 6.15 6.58 6.36a
Nova 76 1.30 1.07 1.19b
Melrose 1.76 1.31 1.54b
Spores per lesion Labelle 10200 7300 8767a
Nova 76 4400 2167 3283b
Melrose 4567 3167 3867b
Incubation Labelle 14 14 14c
Period (days) Nova 76 21 21 21b
Melrose 22 22 22a
x 2Relative receptivity is the number of lesions/cm leaf area on Nova 76 and
2Melrose relative to the number of leslons/cm leaf area on Labelle.
yAverage of three replications.
Means followed by the same letter within a component are not significantly different 
according to Scheffe test (P = 0.05).
Table 4. Analysis of variance of lesion number and lesion length produced by eleven
races of Cercospora oryzae on five rice cultivars
Lesion number Lesion length
Source df Mean square F df Mean square F
Cultivar (fixed) 4 5886.750 ** 461-2** 4 63.656Race (fixed) 10 434.497 34-0** 10 0.795 3-9**Cultivar x Race 40 111.462 8.7 40 0.713 3.5
Error 110 12.764 110 0.204
Asterisk indicates F test significant at P= 0.01.
Table 5, Analysis of variance of lesion number and lesion length produced by ten races 
of Cercospora oryzae on three rice cultivars
Lesion number Lesion length
Source df Mean square F df Mean square F
Cultivar (fixed) 
Race (fixed) 




























h u m i d i f i e d  p e r i o d  (Da y s )
Fig. 1. Mean lesion number (A), and lesion length (B) produced by race
LB-44b of Cercospora oryzae oh four rate-reducing rice cultivars 
Nova 76, Leah, Melrose, and Nato compared with susceptible 
cultivar Labelle under four humidified periods after inoculation.
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Fig. 2. Mean lesion number (A), and lesion length (B) produced by
eleven races of Cercospora oryzae on four rate-reducing rice 
cultivars Nova 76, Melrose, Leah, and Nato compared with 
susceptible cultivar Labelle. The race number 1 to 11 were 
identified as LE-1, LA-104, LB-52, LA-55b, LA-50, LA-lOlh, 
LD-4f, LA-5bc, LB-44b, LA-35b, and LA-lOOf respectively.
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Fig. 3. Mean Lesion number (A), and lesion length (B) produced by ten 
races of Cercospora oryzae on two rate-reducing rice cultivars 
Nova 76 and Melrose compared with susceptible cultivar Labelle. 
The race number 1 to 10 were identified as LD-7dh, LA-98, LE-8, 
LA-99, LA-56b, LD-2g, LA-40, LD-lh, LB-62, and LA-35b 
respectively.
CHAPTER V
Rice Leaf Surface Interactions with Cercospora oryzae and its Effect 
on Lesion Development in Resistant and Susceptible Cultivars
ABSTRACT
Comparisons were made of the prepenetration activities of
Cercospora oryzae on plants of one susceptible cultivar, Labelle and
two cultivars with rate-reducing resistance, Melrose and Nova 76.
Conidia germinated within 4 hr and germination was completed within 18
hr after inoculation on all cultivars. Germ tube length was
significantly greater on Labelle than on Melrose and Nova 76,
Appressoria were Initiated within 48 hr after inoculation and the
number of appressoria increased with increased time of incubation in a
humidified chamber. The number of appressoria per conidium was greater
on Labelle than on Melrose and Nova 76. Germ tubes showed positive
stomatal tropism, and appressoria were only formed on or adjacent to
stomata. Small, necrotic lesions developed on lower leaves 10 days
after inoculation. Conidiophores only emerged through stomata. The
cultivar Labelle was more receptive and had significantly more 
2lesions/cm of leaf area and had a greater lesion size when compared to 
Melrose and Nova 76. There was a significant positive correlation (rs 
0.999) between number of lesions per leaf, relative receptivity, and 
lesion length with the number of appressoria formed 7 or 9 days after 
inoculation.
Narrow brown leaf spot, caused by the fungus Cercospora oryzae Miyake is 
a foliar disease of rice (Oryza sativa L.). The disease is prevalent
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worldwide wherever rice is grown. Individual lesions are 
linear-rectangular and delimited in width by major veins. In addition 
to direct killing of leaf tissue, premature death of leaves and leaf 
sheaths predisposes plants to lodging. Tullis (11) reported C. oryzae 
for the first time in the United States. In a brief histological 
study, he concluded that infection apparently occurred through the 
stomata.
Some of the early Investigators concentrated on the identification 
of physiologic races of C. oryzae (6, 7). Other reserchers advocated 
the development of monogenically resistant varieties of rice through 
hybridization (3, 8). However, the resistance of the varieties with 
monogenic resistance is typically " broken" within a few years after 
release (7). In previous studies, we have reported sources of 
rate-reducing resistance in rice (9).
The objective of this investigation was to compare the 
prepenetration activities of C. oryzae on leaf surfaces of a 
susceptible cultivar and compare with those on leaf surfaces of two 
cultivars having rate-reducing resistance. This report provides the 
first Scanning Electron Microscopy (SEM) study of external growth of C. 
oryzae on rice plants.
MATERIALS AND METHODS
Plant materials and inoculation. Two rice cultivars, Melrose and 
Nova 76, which have rate-reducing resistance and one susceptible 
cultivar, Labelle, were used. Plants were grown In steam-sterilized 
soil In 15-cm-diameter plastic pots inside the greenhouse. A permanent 
flood of deionized water was maintained 1 to 2 inches deep over the 
soil surface after the seedlings were established. The plants were 
fertilized with a (NH^gSO^- zinc chelate liquid fertilizer.
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Inoculum consisted of conidia obtained from 10-day-old C. oryzae 
cultures grown on cornmeal agar (CMA) medium. The single spore 
isolate of C. oryzae used in this study was identified as race LA 35b 
earlier (10). Conidia were removed by flooding each CMA plate with 10 
ml of sterile, distilled water and rubbing the surface of the agar with 
a glass rod. The spore suspension was filtered through three layers of 
cheese cloth to remove mycelial fragments. The conidial concentration 
was determined with a hemacytometer, and adjusted to 10"* conidia per 
milliliter. Plants were inoculated 30 days after seeding by spraying 
the spore suspension uniformly on both sides of the leaves with a De 
Vilblss atomizer. The inoculated plants were placed inside a 
humidified chamber for 7 days. The temperature Inside the humidified 
chamber ranged from 26 to 29 C. Relative humidity ranged from 95-100%.
Histology■ Leaf samples were collected at 3, 6, 12, 18, 48, 72, 
120, 168, and 216 hr after Inoculation. Nine samples were chosen for 
each observation with three random sites on a leaf per cultivar per 
replications. Spores were removed from leaves with clear cellophane 
tape, placed on a slide and stained with lactophenal-cotton blue. 
Percent germination and germ tube lengths were measured (5). For 
percent germination, 100 well separated conidia were examined per 
cultivar per replication. A conidium was considered germinated if the 
length of the germ tube was at least as long as the width of the spore. 
The length of 10 germ tubes of well separated conidia was measured per 
cultivar per replication.
To examine appressorium formation, whole mounts were prepared by 
a modification of the method of Vance and Sherwood (12). Leaf pieces 
were cleared and stained by simmering for 3 min in aniline 
blue-lactophenol
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(1 ml lactic acid, 1 ml phenol, 8 ml ethanol, 4 mg aniline blue, and 
1 ml distilled water) and mounted in lactophenol for observation (2).
For the SEM study, leaf pieces were fixed in 3% glutaraldehyde in
0.1 M phosphate buffer (pH 6.8) for 12 hr. They were washed in the 
same buffer three times after fixation. The specimens were dehydrated 
through a 30%, 50%, 70%, 100% ethyl alcohol and 2, 2-dimethoxypropane 
series for 15 min in each solution. Specimens were dried in a Denton 
critical-point drying apparatus with acetone as the intermediate fluid 
and liquid nitrogen as the transition fluid. Specimens were then
O
mounted on stubs with cellophane tape and coated (100 A thick) with
gold-palladium in a Hummer I sputter coater. Examination and
micrography were done with a Hitachi-hiscan, Model S-500 scanning
electron microscope.
Relative receptivity, lesion number, and lesion length. Lesion
number and lesion length were recorded 14 days after inoculation. The
area of leaf samples from each cultivar was recorded with a LI-COR
model 3000 leaf area meter (LI-COR, Inc., Lincoln, NE). The experiment
was conducted in a completely randomized design with three replications.
A total of 10 infected leaves of each cultivar per replication was used
for observation. Relative receptivity was calculated by comparing the
2average number of lesions/cm leaf area on the resistant cultivars Nova
276 and Melrose relative to the average number of lesions/cm leaf area 
on Labelle. Mean lesion length was determined by averaging the lengths 
(millimeters) of 30 lesions for each cultivar in a replication.
RESULTS
Conidial germination was first recorded at about 3 hr and was 
maximal in 18 hr after inoculation under a moist chamber at 28C and 
95-100% relative humidity. Germ tubes emerged primarily from the two 
end cells of the conidia , but sometimes from the middle cell or only 
one end cell of conidia (Fig. 1), A significant difference in germ 
tube length was observed between conidia germinating on the 
susceptible cultivar and on cultivars with rate-reducing resistant. 
There was not a significant difference in percentage germination of 
conidia among test cultivars (Table 1). Longer germ tubes were 
observed on the resistant cultivars Melrose and Nova 76 compared to 
Labelle. Appressorium formation first observed within 48 hr after 
inoculation and became abundant 7 days after inoculation. Appressoria 
formed by the swelling of a single germ tube cell (Fig. 2). Usually a 
single appressorium, of varying shapes and dimensions, was formed over 
or adjacent to stomata (Figs. 3 and 4). Attraction of hyphae to 
stomata was observed (Fig. 5). Single conidia produced up to a 
maximum of eight appressoria, many over different stomata, by 7 days 
after inoculation. The number of appressoria produced by 10 conidia 
was significantly greater on Labelle than on Melrose and Nova 76 at day 
7 or 9 after inoculation (Table 2). Germ tube length was negatively 
correlated with the number of appressoria formed per conidium (r = 
-0.998). Penetration only occurred through stomata (Fig. 6).
The first macroscopic symptoms of the disease appeared on the 
lower leaves of inoculated plants as necrotic dots surrounded by a 
yellow halo. Upper leaves failed to show disease symptoms for 
several weeks after inoculation. Conidiophores and conidia were 
produced 2-4 days after the lesions developed. Conidiophores only
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emerged through the stomatal opening from the stroma (Fig. 7).
Conidia were initiated apically on conidiophores (Fig. 8). Several
conidiophores and conidia were produced from a single stroma under
favorable conditions. Hyphal growth perpendicular to the vascular
system by sclerenchyma tissue surrounding the major veins and by
stomatal tropism resulted in typical long, narrow lesions.
There were highly significant differences in relative receptivity,
the number of lesions per leaf, and lesion length among the three
genotypes tested (Table 3). The susceptible cultivar Labelle was
significantly more receptive and produced longer lesions as compared
to the resistant cultivars. The number of appressoria formed per
conidium at day 7 or 9 was significantly correlated with the number of 
2lesions/cm of leaf area or relative receptivity, and lesion length 
(r=0.999).
DISCUSSION
This is the first study to histologically characterize 
preinfectional activities of C. oryzae on different rice genotypes. 
Colonization of rice tissue by C. oryzae was similar to that reported 
for C. zea-maydis on corn plants (1). Under conditions of dew with 
high relative humidity, germ tubes grew towards stomata, and formed 
appressoria over or adjacent to stomata. A similar stomatal tropism has 
been observed for many Cercospora species on other plants (1, 4).
The long period between inoculation and lesion development with C. 
oryzae is not unusual for Cercospora species. C. oryzae was observed to 
sustain mycelial growth on the leaf surface for several days before 
penetration. Beckman and Payne (1) also reported that C. zea-maydis 
sustained mycelial growth on the leaf surface for at least one week
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before penetration. The initial disease symptoms appeared only on 
lower leaves of the seedling stage plants up to several weeks after 
inoculation. Also, cultivars varied greatly in the number and size 
of lesions. These results showed that plant genotype and leaf age 
greatly influenced susceptibility.
Significant differences in germ tube length and the number of 
appressoria formed 7 days after inoculation indicated that resistance 
mechanisms were initiated during the pre-penetration period on lower 
leaves. However, formation of appressoria on upper leaves of the same 
plant without lesion development for several weeks suggested that other 
disease resistance mechanisms were operating following penetration of 
the pathogen. Further histological studies are needed to identify 
resistance mechanisms that may be operative after penetration.
A highly significant correlation between the number of 
appressoria per conidium with lesion number (r = 0.999) and lesion 
length (r = 0.999) was found. Hence, the number of appressoria formed 
on the leaves of different cultivars might be useful for evaluating rice 
germplasm for resistance to £. oryzae.
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TABLE 1. Genotypic effect on germination and germ tube length of
Cercospora oryzae conidia
Cultivar Susceptibility Germination (%)X yG e m  tube length (um)
Labelle Susceptible 98 89bZ
Melrose Resistant 98 108a
Nova 76 Resistant 98 110a
A spore was considered geminated if the length of the germ tube was 
at least as long as the width of the spore.
y Average of three replications with 10 germ tube lengths per replication 
per cultivar 18 hr after incubation under humidified chamber.
2Means followed by the same letter are not significantly
different according to Scheffe test (P = 0.05).
TABLE 2. Cultivar effect on appressorium formation by Cercospora 
orvzae on rice leaves
No. of appressoria/10 conidia on a given day yafter inoculation^
Cultivar 2 3 5 7 9
Labelle 6a 2 15a 15a 60a 58a
Melrose 2a 7a 10a 17b 20b
Nova 76 la 8a 10a 19b 20b
yJAverage of three replications.
2Means followed by the same letter within a column are not significantly
different according to Scheffe test (P = 0.05).
TABLE 3. Receptivity, lesion number, and lesion length of rice 
cultivars inoculated with Cercospora oryzae
Mean Mean Mean
relative No. of lesions lesion length
Cultivar receptivity per leaf (mm)
Labelle o 0 01 N 44a 2.91a
Melrose 25b 14b 0.90b
Nova 76 24b 14b 0.96b
■^Average of three replications with 10 leaves per replication per 
cultivar.
Means followed by the same letter within a column are not significantly
different according to Scheffe test (P = 0.05).
Figs. 1-4. Scanning electron micrographs of germination of a 
conidium and appressorium formation by Cercospora 
oryzae on rice leaves. 1, Germination of a conidium 
on a leaf surface of Melrose. 2, Septum formation and 
swelling of a single germ tube cell before appressorium 
formation. 3, Formation of an appressorium with 
amorphous lobes on stomatal opening of Labelle at low 
magnification. 4, Aggregated nature of an appressorium 
over a stomatal opening at high magnification. A = 
appressorium, C = conidium, Gt = germ tube, H = hyphae,
P= papillae, S = septum, St = stomata, SW = swelling, 
T= trichome
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Figs. 5-8. Scanning electron micrographs of hyphal attraction 
towards stomata, penetration and conidiophores 
formation through stomata of Labelle rice leaves.
5, Attraction of hyphae towards stomata (arrows).
6, View of an appressorium and infection peg showing 
penetration through an stoma. 7, Two conidiophores 
emerging through the same stoma of necrotic tissue.
8, A conidium born apically on a conidiophore.
A = appressorium, C = conidium, CP = conidiophore,
H = hyphae, IP = infection peg, P = papillae,
St = stomata.
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